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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of: Group Art Unit: 

THIERRY ROMAN ET et al Examiner: 

Serial No. : US National Phase of 
PCT/FR00/02670 

Filed: concurrently herewith 

For: METHOD AND APPARATUS USING HEAT FLUX 
TO DETECT OR MEASURE A DEPOSIT LIABLE 
TO FORM IN A FLUID-TRANSPORT PIPE 

PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

Before calculation of the filing fee, please amend the 
above-identified application as follows: 
IN THE CLAIMS: 

Please amend the claims as set forth hereinbelow and in 
the attached appendix: 

1. (Amended) A method of detecting a deposit (D) that 
might form inside a fluid transport pipe (2) , the method 
comprising : 

• applying a thermal gradient (G) to at least one "active" 
zone (Za) of the outside surface of the pipe; 

• measuring the heat flux (F) in at least one zone (Zm) of 
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the outside surface of the pipe that is situated at a given 
distance from the active zone in consideration of the length 
of the pipe; and 

• detecting when the heat flux corresponding at least in 
part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
of a deposit inside the pipe. 

3. (Amended) A method according to claim 1 comprising 
applying a thermal gradient (G) in an active zone (Za) 
constituting a circumference of the pipe. 

4. (Amended) A method according to claim 1, comprising 
applying a thermal gradient (G) via a heat production source 
(3) fitted to or integrated in the pipe. 

6. (Amended) A method according to claim 1 comprising 
measuring the heat flux (F) by means of a heat flux sensor (7) 
fitted to or integrated in the pipe. 

10. (Amended) An installation according to claim 8, 
characterized in that the control and monitoring means (5) 
comprise means for detecting the peak values of the measured 
heat flux signal so that the peak-to-peak value of the signal 
can be compared with the threshold value indicating the 
presence of a deposit inside the pipe. 
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REMARKS 

The claims have been amended to delete all multiple 
dependencies, and to generally place the claims in better form 
for US practice. 

Respectfully submitted, 

^Ira J. Schultz 
Registration No. 28666 


DENNISON, SCHEINER & SCHULTZ 
1745 Jefferson Davis Highway, Suite 612 
Arlington, VA 22202-3417 
(703) 412-1155, ext. 23 
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APPENDIX 

IN THE CLAIMS: 

1. (Amended) A method of detecting a deposit (D) that 
might form inside a fluid transport pipe (2), the method 
[being characterized in that it consists] comprising : 

• [in] applying a thermal gradient (G) to at least one 
"active" zone (Za) of the outside surface of the pipe; 

• [in] measuring the heat flux (F) in at least one zone 
(Zm) of the outside surface of the pipe that is situated at a 
given distance from the active zone in consideration of the 
length of the pipe; and 

• [in] detecting when the heat flux corresponding at least 
in part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
of a deposit inside the pipe. 

3. (Amended) A method according to claim 1 [or claim 2, 
characterized in that it consists in] comprising applying a 
thermal gradient (G) in an active zone (Za) constituting a 
circumference of the pipe. 

4. (Amended) A method according to [any one of claims 1 
to 3, characterized in that it consists in] claim 1, 
comprising applying a thermal gradient (G) via a heat 
production source (3) fitted to or integrated in the pipe. 

6. (Amended) A method according to claim 1 [or claim 5, 
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characterized in that it consists in] comprising measuring the 
heat flux (F) by means of a heat flux sensor (7) fitted to or 
integrated in the pipe. 

10. (Amended) An installation according to claim 8 [or 
claim 9] , characterized in that the control and monitoring 
means (5) comprise means for detecting the peak values of the 
measured heat flux signal so that the peak-to-peak value of 
the signal can be compared with the threshold value indicating 
the presence of a deposit inside the pipe. 
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A METHOD AND APPARATUS USING HEAT FLUX TO DETECT OR MEASURE A 
DEPOSIT LIABLE TO FORM IN A FLUID-TRANSPORT PIPE 

TECHNICAL FIELD 

The present invention relates to the field of detecting a 
deposit or a solid phase liable to form in a pipe for 
transporting a fluid, in the general sense. 

A preferred application of the invention lies in avoiding 
the risks of clogging in fluid transport pipes, and in 
particular in pipes for transporting multiphase petroleum 
fluids . 

It is known that such multiphase petroleum fluids can lead 
to the formation of a solid phase such as hydrates, paraffins, 
asphaltenes, or other mineral deposits. The solid phase can be 
deposited at one or more locations in the pipe, thereby 
reducing flow rate to such an extent as to disturb hydrocarbon 
transport completely . 

Present economic circumstances are encouraging operating 
companies to significantly reduce investment and operating 
costs, in particular, by improved control and by seeking to 
eliminate any risk of such a solid phase being deposited, both 
in processing installations and in installations for 
transporting hydrocarbons . 

PRIOR ART 

In an attempt to remedy the problem of such solid phase 
deposition inside a hydrocarbon transport pipe, provision is 
made to use preventative solutions-, one of which consists in 
adding inhibitor additives suitable for transporting such 
hydrocarbons on a more or less systematic basis. Another 
technigue consists in regularly performing scraping operations 
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inside pipes as a precaution. Such techniques, which are often 
combined, are expensive and are not totally satisfactory, 
particular because of the difficulties involved in planning 
them. Thus, in the event of the operations of scraping and/or 
adding inhibitor agents being poorly planned, problems arise 
associated with: 

• production being lost by pipes becoming clogged; 

• safety, with the risk of accidents associated with a 
hydrate plug appearing, or failure of valves to operate, or 
with restarting units that have become blocked by high-paraffin 
crudes gelling; and 

• with commercial markets being lost by failure to comply 
with sales contract conditions due to production being stopped. 

Such preventative techniques are particularly expensive, 
given the lack of any real data concerning the quantity of 
deposit that has already formed inside a pipe, so scraping 
operations are performed at intervals that are very close 
together and/or inhibitor additives are added in quantities 
that are greater than necessary. In an attempt to remedy those 
drawbacks, studies have been undertaken in order to improve 
knowledge about the conditions under which solid phases 
(hydrates, paraffins, and asphaltenes) form within a multiphase 
flow. Those studies seek to develop models for predicting 
deposition profiles along a pipe, or indeed to improve 
inhibitor additives suitable for enabling "difficult" crudes to 
be transported. 

Another type of technique that is presently poorly 
developed relates to seeking to measure the quantity of deposit 
that has formed inside a pipe. In an attempt to obtain a real 
measurement of the quantity of a deposit that might have formed 
inside a pipe, proposals have been made to install measuring 
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equipment and internal inspection equipment inside a pipe, or 
to introduce such equipment into a pipe. However, such a 
technique necessarily disturbs flow, and it need not be capable 
of performing measurement continuously or of providing a 
measurement that is reliable. On the same lines, proposals 
have been made to measure the quantity of deposit by means of 
ultrasound detectors. However it appears that the acoustic 
impedances of a deposit and of hydrocarbons being transported 
are substantially identical, so such a technique is not very 
reliable . 

There thus exists a need for a technique making it 
possible, at selected points in the pipe, to detect a deposit 
or to measure the thickness of any such deposit that might be 
present inside a fluid transport pipe, regardless of whether 
the fluid is liquid and/or gaseous, with said technique not 
disturbing the flow and not being intrusive, while nevertheless 
being simple and effective. 

SUMMARY OF THE INVENTION 

To achieve such an object, the invention provides a method 
of detecting a deposit that might form inside a fluid transport 
pipe. The method of the invention consists: 

• in applying a thermal gradient to at least one "active" 
zone of the outside surface of the pipe; 

• in measuring the heat flux in at least one zone of the 
outside surface of the pipe that is situated at a given 
distance from the active zone in consideration of the length of 
the pipe; and 

• in detecting when the heat flux corresponding at least 
in part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
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of a deposit inside the pipe. 

In an advantageous implementation, the invention also 
seeks to determine the thickness of the deposit by comparing 
the measured heat flux with the heat flux measured during a 
calibration stage . 

The invention also seeks to provide an installation for 
implementing the method of detecting a deposit that might form 
inside a fluid transport pipe. According to the invention, the 
installation comprises : 

■ at least one production source for producing a thermal 
gradient, the source being for mounting on an "active" zone of 
the outside surface of the pipe; 

■ at least one measurement sensor for measuring heat flux, 
the sensor being for mounting on a zone of the outside surface 
of the pipe situated relative to the active zone at a given 
distance in consideration of the length of the pipe; and 

* control and monitoring means connected to the production 
source and to the measurement sensor, and adapted to detect 
when the heat flux corresponding at least in part to the 
applied thermal gradient and transmitted by the pipe exceeds a 
determined threshold indicative of the presence of a deposit 
inside the pipe. 

Various other characteristics appear from the following 
description made with reference to the accompanying drawings 
which show embodiments and implementations of the invention as 
non-limiting examples . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic view showing an embodiment of a 
detection installation in accordance with the invention. 

Figure 2 is a curve showing the applied thermal gradient 
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as a function of time. 

Figure 3 is a curve showing the measured heat flux signal 
as a function of time in the presence and in the absence of a 
deposit inside the pipe. 

BEST METHOD OF PERFORMING THE INVENTION 

As can be seen more clearly in Figure 1, the installation 
1 of the invention is adapted to detect a deposit, in the 
general sense, that might form inside a fluid transport pipe 2, 
in particular a petroleum transport pipe. In conventional 
manner, transporting multiphase petroleum fluids runs the risk 
of forming a deposit or a solid phase such as hydrates,, 
paraffins, asphaltenes, or mineral deposits inside the pipe, as 
represented diagrammatically by reference D. 

In accordance with the invention, the installation 1 has 
at least one source 3 for producing a thermal gradient G. Such 
a production source 3 is for mounting in an "active" zone Za of 
the outside surface of the pipe 2. It should be considered 
that the source 3 delivers or extracts a determined quantity of 
heat over a selected zone of the pipe 2 by any suitable means. 
By way of example, the quantity of heat delivered to the pipe 2 
can be produced by the Joule effect, the Pelletier effect, or 
the Seebeck effect. In an embodiment, the source 3 for 
producing a thermal gradient can be constituted in the form of 
a flexible band including technical means for applying the 
thermal gradient. Such a band can either be fitted onto the 
pipe 2 beneath the thermal lagging or coating that generally 
surrounds petroleum product transport pipes, or else it can be 
integrated directly on the pipe while it is being manufactured. 

The production source 3 is connected via a link 4 to 
control and processing means 5 adapted to control the quantity 
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of heat applied and the length of time it is applied. In an 
embodiment shown more particularly in Figure 2, the temperature 
gradient G is applied in an optionally regular determined cycle 
having periods during which the thermal gradient is applied 
interleaved with periods during which a zero or an opposite- 
sign thermal gradient is applied. 

It should also be considered that the thermal gradient G 
is applied over an active zone Za of the pipe 2 of greater or 
lesser extent in the length direction of the pipe. In like 
manner, this active zone Za can constitute the entire 
circumference of the pipe 2. Naturally, particularly with 
pipes of large diameter, provision could be made to apply the 
thermal gradient over a plurality of determined angular sectors 
of a circumference of the pipe. 

The installation 1 of the invention also comprises at 
least one sensor 7 for measuring heat flux F and designed to be 
mounted on a zone Zm of the outside surface of the pipe 2 that 
is situated at a given distance from the active zone Za in the 
length direction of the pipe 2. This "measurement" zone Zm for 
measuring heat flux is thus situated at a determined distance 
from the active zone Za along the longitudinal axis A of such a 
pipe 2. In other words, the production source 3 and the 
measurement sensor 7 are situated on two different right cross- 
sections of the pipe 2. It should be observed that the 
measurement sensor 7 can be installed upstream or downstream 
from the source 3 relative to the direction in which the fluid 
flows inside the pipe 2. 

The heat flux measurement sensor 7 is mounted so as to 
measure heat exchange (i.e. in watts per square centimeter 
(W/cm 2 )) between the pipe 2 and the fluid flowing inside the 
pipe. It should be observed that the measurement sensor 7 is 
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adapted to be thermally transparent insofar as deposition 
problems are intimately related to temperature values measured 
at the periphery of the pipe 2. In other words, the 
measurement sensor 7 is designed to avoid locally modifying the 
temperature profile outside the pipe 2. Furthermore, given the 
fact that crude oil transport pipes 2 are generally thermally 
isolated by lagging or coating, such a measurement sensor 7 is 
installed beneath such lagging, so as to avoid altering the 
thermal environment of the pipe. 

In an embodiment, such a sensor 7 for measuring heat flux 
is constituted by a flexible band such as a neoprene band 
having one or more flux meters mounted thereon so as to be 
distributed around the circumference of the pipe. When a flux 
meter is mounted on a given sector of the pipe, it can measure 
the heat exchange between the fluid being transported and said 
zone of the pipe. Such a band can either be fitted onto the 
pipe 2 beneath the thermally insulating lagging, or else can be 
integrated directly in the pipe during manufacture thereof. 
Such a measurement sensor 7 can also include a probe for 
measuring the outside surface temperature of the pipe 2. 

The measurement sensor 7 is connected to the control and 
processor means 5 via a link 8 of any type. The control and 
processor means 5 are adapted as a function of the applied 
thermal gradient and of the measured heat flux to determine 
whether a deposit D is present inside the pipe 2, using the 
method described below. 

The installation 1 described above is used as follows. 

The control and processor means 5 use the source 3 to 
apply a thermal gradient G to the active zone Za of the pipe 2. 
The applied thermal gradient G is controlled both in power and 
in time so as to be identifiable compared with any thermal 
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variations that might be due to the environment outside the 
pipe or to the fluid it is transporting. In particular, the 
applied thermal gradient takes account of the distance between 
the source 3 and the measurement sensor 7. By way of example, 
the thermal gradient is applied cyclically. An example showing 
one possible form of applied thermal gradient G is given in 
Figure 2 . 

At least after the thermal gradient G has been applied, 
the control and processor means 5 use the sensor 7 to measure 
the heat flux in a zone Zm of the outside surface that is 
situated at a distance from the active zone Za. In the absence 
of any deposit inside the pipe 2, the injected thermal gradient 
is transmitted almost in full to the fluid traveling along the 
pipe 2. Given the distance between the measurement sensor 7 
and the source 3 producing the thermal gradient, the heat flux 
detected in the measurement zone Zm is practically 
unmeasurable . An example of a heat flux signal F x for a pipe 2 
having no deposit is shown in Figure 3. 

When a deposit D is present inside the pipe 2, the deposit 
provides thermal insulation between the pipe 2 and the 
transported fluid. The thermal gradient injected via the 
active zone Za is not transmitted to the fluid but is 
transmitted mainly into the structure of the pipe 2 itself. 
The heat flux is thus transmitted to the measurement zone Zm of 
the measurement sensor 7. An example of the heat flux signal 
F 2 as measured when a deposit D is present inside the pipe is 
shown in Figure 3. This measured thermal gradient corresponds, 
at least in part, to that applied and transmitted by the pipe 
2. 

The value of the measured heat flux is compared with a 
determined threshold value representative of the presence of a 
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deposit D inside the pipe 2. If the measured heat flux value 
reaches or exceeds this threshold value, then the control and 
processor means 5 indicate the presence of such a deposit by 
any appropriate means, e.g. in the form of a chart, an audible 
signal, and/or a light signal, a message, etc. 

The method of the invention thus seeks to apply a thermal 
gradient to at least one outside surface zone of the pipe and 
to measure the heat flux at a given distance from the 
application zone, at least while said thermal gradient is being 
applied, thereby determining whether the heat is diffused into 
the fluid (no deposit), or is transmitted by the pipe (a 
deposit is present which acts as thermal insulation) . Thus, 
when a deposit D is present, there exists a correlation between 
the application of a thermal gradient and the appearance of a 
heat flux at a given distance from the point of application. 
It should be observed that using a series of flux meters, each 
associated with a respective sector of the circumference of the 
pipe, makes it possible to obtain measurements which take 
account of various different flow regimes that can occur for a 
fluid that comprises a liquid phase and a gaseous phase. In 
addition, using a plurality of spaced-apart flux meters makes 
it possible to detect the presence of a deposit for each of the 
measurement zones associated with a respective flux meter. 

In an advantageous embodiment, the subject matter of the 
invention also makes it possible to determine the thickness of 
such a deposit D by comparing the measured heat flux with the 
heat flux measured during a calibration stage. In a particular 
embodiment, the peak values of the measured heat flux can be 
detected so as to enable the peak-to-peak value of the signal 
to be compared with the threshold value indicating that a 
deposit is present inside the pipe. 
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PERCEPTIBILITY OF INDUSTRIAL APPLICATION 

The subject matter of the invention thus makes it possible 
to detect the presence of a solid phase or a deposit inside a 
pipe, and also to measure the thickness of such a deposit. 
Such detection or measurement can be performed easily by 
mounting the measurement sensor 7 and the heat production 
source on various types of flexible or rigid pipe, and doing so 
in an integrated manner or in a fitted-on manner. Such 
mounting can be applied to fluid transport pipes, in particular 
to off-shore pipes located at great depths. Naturally, the 
control and processor means 5 can easily be at a distance from 
the pipe 2 by using links 4, 8. Furthermore, such an 
installation can be combined with another technique for 
measuring the quantity of a deposit, e.g. a vibratory technique 
as explained in patent application FR 2 754 898. 

The invention is not limited to the embodiments described 
and shown, since numerous modifications can be made thereto 
without going beyond its ambit. 
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CLAIMS 

1/ A method of detecting a deposit (D) that might form inside a 
fluid transport pipe (2), the method being characterized in 
that it consists: 

■ in applying a thermal gradient (G) to at least one 
"active" zone (Za) of the outside surface of the pipe; 

• in measuring the heat flux (F) in at least one zone (Zm) 
of the outside surface of the pipe that is situated at a given 
distance from the active zone in consideration of the length of 
the pipe; and 

■ in detecting when the heat flux corresponding at least 
in part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
of a deposit inside the pipe. 

2/ A method according to claim 1, characterized in that it 
consists in applying a thermal gradient (G) in a determined 
cycle . 

3/ A method according to claim 1 or claim 2, characterized in 
that it consists in applying a thermal gradient (G) in an 
active zone (Za) constituting a circumference of the pipe. 

4/ A method according to any one of claims 1 to 3, 
characterized in that it consists in applying a thermal 
gradient (G) via a heat production source (3) fitted to or 
integrated in the pipe. 

5/ A method according to claim 1, characterized in that it 
consists in measuring the heat flux (F) at one or more sectors 
of a circumference of the pipe. 
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6/ A method according to claim 1 or claim 5, characterized in 
that it consists in measuring the heat flux (F) by means of a 
heat flux sensor (7) fitted to or integrated in the pipe. 

7/ A method according to claim 1, characterized in that it 
consists in determining the thickness of the deposit (D) by 
comparing the measured heat flux with the heat flux measured 
during a calibration stage. 

8/ An installation for implementing a method according to claim 
1, in order to detect a deposit (D) that might form inside a 
fluid transport pipe (2), the installation being characterized 
in that it comprises: 

• at least one production source (3) for producing a 
thermal gradient (G) , the source being for mounting on an 
"active" zone (Za) of the outside surface of the pipe; 

• at least one measurement sensor (7) for measuring heat 
flux (F) , the sensor being for mounting on a zone (Zm) of the 
outside surface of the pipe situated relative to the active 
zone at a given distance in consideration of the length of the 
pipe; and 

• control and monitoring means (5) connected to the 
production source (3) and to the measurement sensor (7), and 
adapted to detect when the heat flux corresponding at least in 
part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
of a deposit inside the pipe. 

9/ An installation according to claim 8, characterized in that 
the monitoring means (5) comprise means for determining the 
thickness of the deposit by comparing the measured heat flux 
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and the heat flux measured during a calibration stage. 

10/ An installation according to claim 8 or claim 9, 
characterized in that the control and monitoring means (5) 
comprise means for detecting the peak values of the measured 
heat flux signal so that the peak-to-peak value of the signal 
can be compared with the threshold value indicating the 
presence of a deposit inside the pipe. 
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11/ An installation according to claim 8, characterized in that 
the production source (3) for producing a heat gradient is 
constituted in the form of a flexible band fitted to or 
integrated in the pipe. 


15 12/ An installation according to claim 8, characterized in that 

the measurement sensor for measuring heat flux (7) is formed by 

a flexible band equipped with one or more flux meters and 
fitted to or integrated in the pipe. 
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ABSTRACT 

A METHOD AND APPARATUS USING HEAT FLUX TO DETECT OR MEASURE A 
DEPOSIT LIABLE TO FORM IN A FLUID-TRANSPORT PIPE 

The invention relates to an installation for implementing 
a method for detecting a deposit (D) that might form inside a 
fluid transport pipe (2). According to the invention, the 
installation comprises : 

• at least one production source (3) for producing a 
thermal gradient, the source being for mounting on an "active" 
zone (Za) of the outside surface of the pipe; 

• at least one measurement sensor (7) for measuring heat 
flux, the sensor being for mounting on a zone (Zm) of the 
outside surface of the pipe situated relative to the active 
zone at a given distance in consideration of the length of the 
pipe; and 

• control and monitoring means (5) connected to the 
production source (3) and to the measurement sensor (7), and 
adapted to detect when the heat flux corresponding at least in 
part to the applied thermal gradient and transmitted by the 
pipe exceeds a determined threshold indicative of the presence 
of a deposit inside the pipe. 
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